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SPECIFICATION 

TITLE OF THE INVENTION 

Timepiece and Electronic Apparatus with Bulb-Shaped Semiconductor Element 

5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the benefit of priority from the prior 
Japanese Patent Application No. 2002-200579, filed July 9, 2002, the entire 
contents of which are incorporated herein by reference. 

10 FIELD OF THE INVENTION 

[0001] The present invention relates to an electronic device, such as a 
timepiece, a watch, an electronic calculator, and a cellular phone, and more 
specifically to a timepiece and an electronic apparatus with a bulb-shaped 
semiconductor element. 

15 

BACKGROUND OF THE INVENTION 

[0002] A wrist watch with a solar battery has been well known. In general, 
the solar battery built in the conventional solar-battery wrist watch is formed in a 
sheet form and is arranged on a reverse side of a watch face, which is made of a 

20 light transmitting material. 

[0003] In the conventional solar-battery wrist watch, however, there are 
many limitations to decoration to be made on the watch face of a light 
transmitting material, because it is necessary in the solar-battery watch to 
secure a surface on the sheet-shaped solar battery wide enough to receive light. 

25 Therefore, it has been noticed that the conventional solar-battery watch is 
behind in an external view and design, since attractive decoration is hardly made 
on the watch face because of the limited space on the watch face. 
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[0004] It is an aspect of the present invention to provide a timepiece having 
the solar battery that is more effective in a light acceptance than the 
conventional battery, or a timepiece which is more attractive in its external view 
and design with various decorations on its dial face. 
5 It is another aspect of the present invention to provide a timepiece and an 
electronic apparatus with the solar battery that generates energy sufficiently 
without giving limitations on its indication area. 

[0005] According to an aspect of the present invention, there is provided a 
timepiece which comprises a casing, a digital face provided in the casing, a time 
10 counting module provided in the casing; and a bulb-shaped semiconductor 
element mounted on the digital face for supplying driving power to the time 
counting module. 

[0006] Since the bulb-shaped semiconductor element mounted on the digital 
face is formed in a bulb shape, the semiconductor element is low in light 

15 directivity so that it can receive direct light, reflected light, and/or scattered light 
from every direction, generating electricity efficiently. The conventional solar 
battery of a sheet type needs a wide surface for receiving light, restricting a 
space for decoration on the watch face. On the contrary, since the solar battery 
used in the present invention has a unique shape such as a bulb-shape, it can 

20 be arranged on a recess or a projecting portion or a curved portion of the casing, 
which allows to decorate the timepiece using the bulb-shaped semiconductor 
element being arranged on the recess or projecting portion or the curved portion 
of the casing. Therefore, according to the present invention timepieces which 
are more attractive in their design and external view are available. 

25 [0007] Further, according to another aspect of the invention, there is 
provided a time piece which comprises a casing, a display section provided in 
the casing, a protection glass of a light transmittance nature mounted on the 
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casing so as to face the display section: and a solar battery disposed so as to 
face a peripheral edge of the protection glass. 

When the timepiece according to the invention is exposed to the external light, a 
part of the external light transmits through the protection glass, and reaches the 
5 display section, allowing a user to see the display section clearly. In addition, 
the part of the external light being guided along the protection glass is emitted 
from the edge of the protection glass against the solar battery. In other words, 
the battery can efficiently receive the external light taken in through a whole 
surface of the protection glass and generates electricity. Further the batteries 
10 are arranged in the vicinity of the peripheral edge of the protection glass, so that 
this arrangement of the batteries does not give any restriction to the display 
section mounted within the casing. 

[0008] According to still another aspect of the invention, there is provided a 
timepiece which comprises a casing, a window section provided to the casing, a 
15 display member of a light transmittance nature provided in the casing so as to 
face the window section: and a solar battery arranged so as to face a peripheral 
edge of the display member. 

When the timepiece is exposed to the external light, the external light is allowed 
to transmit through the window section to illuminate the display member for 

20 recognition by a user. A part of the light illuminating the display member is 
guided in the display member toward the peripheral edge to irradiate the solar 
battery. The external light is received through a whole surface of the display 
member and transmitted to the solar battery, allowing the solar battery to 
generate the electric power sufficiently. The solar battery is disposed to face 

25 the peripheral edge of the display member, so that the display member receives 
no restriction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a plane view of a wrist watch using an embodiment of the 
present invention; 

FIG. 2A through FIG. 2C are views illustrating by way of sample a wrist watch 
5 with bulb-shaped solar batteries built therein; 

FIG. 2A is a plane view illustrating a watch face or a digital face and a casing of 
the wrist watch; 

FIG. 2B is a cross-sectional view of the wrist watch; 

FIG. 2C is an enlarged view illustrating bulb-shaped solar batteries mounted on 
10 the wrist watch; 

FIG. 3A through FIG. 3D are views illustrating another example of wrist watches 
with bulb-shaped solar batteries built therein; 

FIG. 3A is a plane view illustrating a watch face or a digital face and a casing of 
the wrist watch; 
15 FIG. 3B is a cross-sectional view of the wrist watch; 

FIG. 3C and FIG. 3D are enlarged views illustrating bulb-shaped solar batteries 
mounted on the wrist watch; 

FIG. 4A through FIG. 4C are views illustrating still another sample of wrist 
watches with bulb-shaped solar batteries built therein; 
20 FIG. 4A is a plane view illustrating a watch face or digital face and a casing of 
the wrist watch; 

FIG. 4B is a cross-sectional view of the wrist watch; 

FIG. 4C is an enlarged view illustrating bulb-shaped solar batteries mounted on 
the wrist watch; 

25 FIG. 5A through FIG. 5D are views illustrating yet another example of wrist 
watches with bulb-shaped solar batteries built therein; 

FIG. 5A is a plane view illustrating a watch face or digital face and a casing of 
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the wrist watch; 

FIG. 5B is a cross-sectional view of the wrist watch; 

FIG. 5C and FIG. 5D are enlarged views illustrating bulb-shaped solar batteries 
mounted on the wrist watch; 
5 FIG. 6 is a partial cross-sectional view illustrating a sample of bulb-shaped solar 
batteries used in the invention; 

FIG. 7 is an enlarged view of a fifth embodiment in which the invention is used in 
an electronic wrist watch; 

FIG. 8 is an enlarged view of a sixth embodiment in which the invention is used 
10 in an electronic wrist watch; 

FIG. 9 is an enlarged view of a seventh embodiment in which the invention is 
used in an electronic wrist watch; 

FIG. 10 is an enlarged view of an eighth embodiment in which the invention is 
used in an electronic wrist watch; and 
15 FIG. 11 is an enlarged view of a ninth embodiment in which the invention is used 
in an electronic wrist watch. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0010] Now, embodiments of the present invention will be described in 

20 details with reference to FIG. 1 through FIG. 1 1 . 

[0011] Prior to a detailed explanation of the embodiments, a bulb-shaped 
solar battery used in the present invention will be described in details. As 
shown in FIG. 6, a bulb-shaped solar battery element 25 is a bulb-shaped 
semiconductor, which comprises a silicon single crystal of a diameter 1 to 2 

25 millimeters, covered with an anti-reflection film 1a. The silicon single crystal 
has a p-type bulb-shape silicon block 1b, an n-type diffusion layer 1c, and a pair 
of electrodes, a positive electrode 1e and a negative electrode 1f. The n-type 
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diffusion layer 1c covers most of an external surface of the p-type bulb-shaped 
silicon block 1b. The positive electrode 1e and the negative electrode 1f are 
disposed opposite and are connected to the p-type bulb-shaped silicon block 1b 
and to the n-type diffusion layer 1c, respectively. Optical-electro motive force is 
5 generated when a p-n junction 1d formed at a boundary between the P-type 
bulb-shape silicon block 1b and the n-type diffusion layer 1c and the 
neighborhood materials receive the light. The bulb-shaped solar battery 
element 25 of the above mentioned structure has a low directional characteristic 
with respect to the light, and can efficiently receive direct, reflected, and/or 
10 scattered light from every direction. 

[0012] In each of a first embodiment through a fourth embodiment to be 
described below, the bulb-shaped solar battery element 25 of the structure set 
forth above is built in an analog-type wrist watch 10 (timepiece). 

15 FIRST EMBODIMENT 

[0013] In the first embodiment as shown in FIG. 2A and FIG. 2B, the 
analog-type wrist watch 10 comprises, , a casing 1, a disk-shaped rear cover 7, 
which covers the casing 1 from a bottom side of the casing 1, a disk-shaped 
light-transmitting watch glass 2, which covers the casing 1 from a top side of the 

20 casing 1, a disk-shaped watch face 13 supported within the casing 1, a corner 
member 6 disposed between the watch face 13 and the watch glass 2, hands or 
pointers 16 arranged on a top surface of the watch face 13, a liquid crystal 
display panel 17A provided in the top surface of the watch face 13, which 
indicates a date and a day of the week, and a time counting module 5 driven by 

25 electricity supplied from the bulb-shaped solar battery element 25. 

[0014] As shown in FIG. 2A, there are provided battery receiving box-like 
members 18A at a portion defined between a location indicating one o'clock and 
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a location indicating four o'clock on a top surface 14a of the watch face 13 and at 
a portion defined between a location indicating eight o'clock and a location 
indicating twelve o'clock. The battery receiving box-like member 18A has side 
walls 18a and a bottom plate 18b, both being subjected to a light-reflection 
5 process, and receives the bulb-shaped solar battery elements 25, as shown in 
FIG. 2C. It is proposed that during the light reflection process, the side walls 
18a and the bottom plate 18b of the box-like member 18A are subjected to a 
surface treatment so as to have a surface configuration of light reflection, or to 
be attached with a sheet of light reflection on their surface. 

10 [0015] The box-like member 18A is formed with through holes 18c, through 
which terminals 1g connected to the positive electrode 1e and the negative 
electrode 1f of the bulb-shaped solar battery element 25 penetrate, as shown in 
FIG. 2C. The terminals 1g penetrating through the through holes 18c are 
connected to a printed board (not shown) to supply energy to drive the time 

15 counting module 5. 

[0016] The present embodiment of the invention will bring advantages set 
forth below: 

(1) Since the bulb-shaped solar battery element 25 has a spherical appearance 
and is low in the directional characteristic with respect to the light, it can receive 

20 direct, reflected, and/or scattered light from every direction, generating electricity 
efficiently. The conventional solar battery of a sheet type requires a wide 
light-receiving surface to generate electricity sufficiently, restricting a space for 
decorations on the watch face or the digital face 13. On the contrary, the 
bulb-shaped solar battery 25 in the present embodiment has a unique shape 

25 such as a bulb-shape, and it can be mounted on a recess or projecting portion or 
a curved portion of the casing. Therefore, the timepiece can be decorated with 
the bulb-shaped semiconductor elements being arranged on the recess or 
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projecting portion or the curved portion of the casing. As a result, according to 
the present invention, the timepieces which are more attractive in their design 
and external view are available. 

[0017] (2) Since the bulb-shaped solar battery element 25 is arranged on the 
5 surface of the watch face 13, any kind of materials can be used for the watch 
face. Further, the bulb-shaped solar battery element 25 itself is used to 
decorate the watch face 13. 

[0018] (3) Incident light to the box-like member 18A is reflected on its side 
and bottom plate18a, 18b toward the bulb-shaped solar battery element 25 to be 
10 received thereby. Therefore, the bulb-shaped solar battery element 25 can 
efficiently receive light to generate electricity. 

SECOND EMBODIMENT 

[0019] Referring to FIG. 3A through FIG. 3D, a second embodiment of the 
15 invention will be described. In the second embodiment, the bulb-shaped solar 
battery element 25 is mounted on a wrist watch 10 of a structure similar to the 
wrist watch of the first embodiment. Like reference numerals will be used in the 
second embodiment to refer to like or corresponding elements in the first 
embodiment, and the detailed description thereof will be omitted. 
20 [0020] As shown in FIG. 3A and FIG. 3B, the corner member 6 is provided in 
the casing 1 so as to leave a space between the watch face 13 and the corner 
member 6 itself, and the bulb-shaped solar battery element 25 is received in the 
space that is defined by a rear surface 15a of the corner member 6, a top 
surface 14a of the watch face 13, and an inner surface 1 1c of the casing 1. The 
25 rear surface 15a of the corner member 6 and the top surface 14a of the watch 
face each form a non light-transmittance plane or a semi light-transmittance and 
light reflection plane. 
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[0021] The corner member 6 and the watch face 13 are subjected to a 
deposition process to form the non light-transmittance plane or the semi 
light-transmittance and light reflection plane on its top and rear surface 14a, 15a, 
respectively. In other words, material such as silver, aluminum, silicon are 
5 deposited against a surface of a transparent base material plate to form a thin 
light-reflection film thereon. The thin film formed on the rear surface 15a of the 
corner member 6 and the top surface 14a of the watch face 13 allow a part of the 
incident light to pass through them, when such thin film has a certain thickness. 
[0022] In FIG. 3C and FIG. 3D, a recess 30 defined by the rear surface 15a 
10 of the corner member 6, the top surface 14a of the watch face 13, and the inner 
surface 11c of the casing 1 is provided with a light-reflection layer 30a on its 
internal surface. In the embodiment, a light reflection film may be attached on 
the internal surface of the recess 30. 

[0023] In addition to an advantage substantially similar to the advantage (1) 
15 brought by the first embodiment, the following advantages will be obtained by 
the second embodiment. 

(4) The corner member 6 having the non or semi light-transmittance plane can 
hide the bulb-shaped solar battery element 25 mounted on the surface 14a of 
the watch face 13, and therefore a wrist watch of an improved design will be 
20 available. 

[0024] (5) Since the recess 30 defined by the rear surface 15a of the corner 
member 6, the top surface 14a of the watch face 13, and the inner surface 11c of 
the casing 1 has a light-reflection layer 30a on its internal surface, the incident 
light is reflected on the internal surface of the recess 30 toward the bulb-shaped 
25 solar battery element 25. As a result, the bulb-shaped solar battery element 25 
can receive light more efficiently. 

(6) When the corner member 6 is made of a semi light-transmittance and 
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light-reflection material, the corner member 6 allows a part of the incident light to 
pass through it toward the bulb-shaped solar battery element 25. As a result, 
the bulb-shaped solar battery element 25 can receive light more efficiently. 

5 THIRD EMBODIMENT 

[0025] Referring to FIG. 4A through FIG. 4C, a third embodiment of the 
invention will be described. In the third embodiment, the bulb-shaped solar 
battery element 25 is mounted on a wrist watch 10 of a structure similar to the 
wrist watch of the first embodiment. Like reference numerals will be used in the 

10 third embodiment to refer to like or corresponding elements in the first 
embodiment, and the detailed description thereof will be omitted. 
[0026] In the forth embodiment, a bezel 3 of the casing 1 is formed with a 
groove 11b, where the bulb-shaped solar battery element 25 is received therein, 
as shown in FIG. 4A and FIG. 4B. The groove 11b is provided with a cover 11c 

15 of a light-transmittance member. 

[0027] In FIG. 4C, the groove 11b is provided with a light-reflection layer on 
its side walls 1 1 b1 and bottom 11 b2. In the embodiment, the side walls 1 1 b1 
and the bottom 11b2 of the groove 11b may be processed so as to have 
figuration suitable for reflecting the light or may be attached with a light reflecting 

20 film thereon. 

[0028] There are provided through holes 11b3 in the bottom 11b2 as shown 
in FIG. 4C. Terminals 1g, which are connected to the positive electrode 1e and 
the negative electrode 1f of the bulb-shaped solar battery element 25 
respectively, penetrate through these through holes 1 1b3 to be connected to the 
25 printed circuit board (not shown) to supply energy to drive the time counting 
module 5. 

[0029] In addition to the advantage substantially similar to the advantage (1) 
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brought by the first embodiment, the following advantages will be obtained by 
the third embodiment. 

(7) A wrist watch is made available which is decorated using the bulb-shaped 
solar battery elements 25 mounted in the bezel 3 on the casing 1. The 

5 bulb-shaped solar battery element 25 can be easily mounted on the bezel 3 
because of its unique figure. 

(8) The incident light onto the groove 11b reflect on its side walls 11b1 and 
bottom 1 1 b2 toward the bulb-shaped solar battery elements 25 received in the 
groove 11b. As a result, the bulb-shaped solar battery elements 25 is allowed 

10 to receive the light more efficiently. 

FOURTH EMBODIMENT 

[0030] Referring to FIG. 5A through FIG. 5D, a fourth embodiment of the 
invention will be described. In the fourth embodiment, the bulb-shaped solar 

15 battery element 25 is mounted on a wrist watch 10 of a structure similar to the 
wrist watch of the first embodiment. Like reference numerals will be used in the 
third embodiment to refer to like or corresponding elements in the first 
embodiment, and the detailed description thereof will be omitted. 
[0031] In the fourth embodiment, a watch face 13 is made of a light 

20 transmittance material. As shown in FIG. 5A and FIG. 5B, there is provided 
beneath the watch face 13 a supporting plate19A for supporting the bulb-shaped 
solar battery elements 25. The bulb-shaped solar battery elements 25 are 
arranged between the rear surface 14b of the watch face 13 and a top surface 
19a of the supporting plate 19A. 

25 [0032] A light reflecting layer 31a is provided on the top surface 19a of the 
supporting plate 19A, as shown in FIG. 5C. In the embodiment, the top surface 
19a of the light reflecting layer 31a may be processed so as to have figuration 



suitable for reflecting the light or may be attached with a light reflecting film 
thereon. 

[0033] As shown in FIG. 5D, the supporting plate 19A is made of a semi 
light-transmittance and light-reflection member, and an electro-luminescence 
5 element 20A may be provided on a rear surface of the supporting plate 19A, 
which element 20A is driven and emits light by a current for driving the time 
counting module 5. 

[0034] in the embodiment, the supporting plate 19A of a transparent base 
material is subjected to a deposition process to form a light reflection film on its 

10 surface. In other words, material such as silver, aluminum, silicon is deposited 
against the surface of the transparent base material plate to form a thin 
light-reflection film thereon. The thin film of a certain thickness formed on the 
transparent base material plate allows a part of the incident light to pass through. 
[0035] The electro-luminescence element 20A emits light under the 

15 electro-magnetic field, which is generated by the current for driving the time 
counting module 5. 

[0036] In addition to an advantage substantially similar to the advantage (1) 
brought by the first embodiment, the following advantages will be obtained by 
the fourth embodiment. 

20 (9) In the embodiment, a lot of bulb-shaped solar battery elements 25 can be 
installed in a comparatively wide space (k) defined between the rear surface 14b 
of the watch face 13 of a transparent material and the top surface 19a of the 
supporting plate 19A provided beneath the watch face 14, and therefore 
sufficient electric power can be supplied to the wrist watch from these plural 

25 battery elements 25. If the watch face 13 is made of a semi light transmittance 
and light reflection material, the bulb-shaped solar battery elements 25 mounted 
beneath the watch face are hidden to allow an improved design of the wrist 
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watch 10. 

[0037] (10) The incident light to the supporting plate 19A is reflected on its 
top surface 19a toward the bulb-shaped solar battery element 25 to be received 
thereby. Therefore, the bulb-shaped solar battery element 25 can efficiently 

5 receive the light to generate electricity. 

[0038] (11) A part of the light emitted by the electro-luminescence element 
20A is allowed to pass through the supporting plate 19A toward the bulb-shaped 
solar battery element 25. Receiving the light from the electro-luminescence 
element 20A, the bulb-shaped solar battery element 25 generates the electricity 

10 more efficiently. 

[0039] The invention has been described in detail with particular reference to 
certain preferred embodiments thereof, but it will be understood that variations 
and modifications can be effected within the spirit and scope of the invention. 
For instance, in addition to the timepiece including the wrist watch, the present 

15 invention may be applied to electronic devices such as a cellular phone, a 
personal digital assistant, and a personal computer, automobile, and 
accessories. 

[0040] As shown in FIG. 1 through FIG. 4C, the wrist watch 10 according to 
one embodiment of the present invention is characterized in that the wrist watch 

20 comprises the casing 10, the watch face 13 and the time counting module 13 
being provided in the casing 10, and the bulb-shaped solar battery element 25 
mounted on the watch face 13 for driving the time counting module 13. 
In the embodiment, since the bulb-shaped solar battery element 25 mounted on 
the watch face 13 is formed in a unique configuration such as a bulb-shape, the 

25 element 25 is low in a directional characteristic and can receive the direct, 
reflected and/or scattered light from every direction to efficiently generate the 
electricity. On the contrary to a solar battery of a sheet type using a wide space 



for receiving the light, the bulb-shaped solar battery element requires no wide 
space for receiving the light. Therefore, in a timepiece using the bulb-shaped 
solar battery element, a rather wide space can be used for its decoration. The 
bulb-shaped solar battery element may be mounted on a recess or projecting 

5 portion or a curved portion of the casing without any difficulty, allowing to 
decorate the wrist watch using the bulb-shaped semiconductor element being 
arranged on the recess or projecting portion or the curved portion of the casing. 
Therefore, according to the present invention the timepiece which is more 
attractive in its design and external view will be available. 

10 [0041] As shown in FIG. 2A through FIG. 2C, the wrist watch 10 according to 
the embodiment is characterized in that the bulb-shaped solar battery element 
25 is arranged in the surface 14a of the watch face 13. Therefore, the 
bulb-shaped solar battery elements 25 arranged in the surface 14a of the watch 
face 13 may be used to decorate the watch face. 

15 [0042] Any kind of materials such as plastic, metal, an resign may be used 
for the watch face. As shown in FIG. 1C, the wrist watch 10 according to the 
embodiment is characterized in that the box-like member 18A is provided in the 
surface 14a of the watch face 13, the side walls 18a and the bottom plate 18b of 
which member are subjected to the light-reflection process, and the bulb-shaped 

20 solar battery element 25 is received in the box-like member 18A. Therefore, 
the incident light to the box-like member 18A is reflected on the side walls 18a 
and the bottom plate 18b toward the bulb-shaped solar battery element 25 to be 
received thereby. The bulb-shaped solar battery element 25 can efficiently 
receive light to generate electricity. 

25 [0043] In the light-reflection process, the inner surface of the box-like 
member may be processed so as to have figuration suitable for reflecting the 
light or may be attached with a light reflecting film thereon. 
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[0044] As shown in FIG. 3A through FIG. 3C, the wrist watch 10 according to 
the embodiment is characterized in that the bulb-shaped solar battery element 
25 is received in the space defined by the rear surface 15a of the corner member 
6, the top surface 14a of the watch face 13, and the inner surface 11c of the 
5 casing 1. 

When the corner member 6 is made of a non or semi light-transmittance material, 
the bulb-shaped solar battery element 25 mounted on the surface 14a of the 
watch face 13 can be hidden, and a wrist watch of an improved design will be 
available. 

10 [0045] The corner member is subjected to the deposition process to form the 
semi light-transmittance and light reflection plane on its surface. In other words, 
material such as silver, aluminum, and/or silicon is deposited against a surface 
of a transparent base material plate to form a thin light-reflection film thereon. 
The thin film formed on the surface of the corner member allows a part of the 

15 incident light to pass through it, when such thin film has a certain thickness. 

[0046] As shown in FIG. 3C and FIG. 3D, the wrist watch 10 according to the 
embodiment is characterized in that either of the surface 14a of the watch face 
1 3, the rear surface 1 5a of the corner member 6 and the inner surface 1 1 c of the 
casing 1 is provided with a light reflection layer 30a. 

20 The incident light to the light reflection layer is reflected on its surface toward the 
bulb-shaped solar battery element to be received thereby. Therefore, the 
bulb-shaped solar battery element can efficiently receive the light to generate 
electricity. 

[0047] The surface of the watch face, the rear surface of the corner member 
25 and the inner surface of the casing may be subjected to the light reflection 
process similar to the process for the box-like member. 

[0048] As shown in FIG. 2D, the wrist watch 10 according to the embodiment 
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is characterized in that the corner member 6 is made of a semi 
light-transmittance material. 

The incident light to the corner member is reflected on its surface toward the 
bulb-shaped solar battery element to be received thereby. Therefore, the 
5 bulb-shaped solar battery element can efficiently receive the light to generate 
electricity. 

[0049] As shown in FIG. 4A through FIG. 4D, the wrist watch 10 according to 
the embodiment is characterized in that the bezel 3 of the casing 1 is formed 
with the groove 11b, and the bulb-shaped solar battery elements 25 are installed 
10 in the groove 11b, and the groove 11b is covered with the cover 11c of a 
light-transmittance member. 

In the embodiment, the casing is decorated with the bulb-shaped solar battery 
elements received in the groove of the casing and the wrist watch which is more 
attractive in its design is available. The bulb-shaped solar battery element 25 

15 can be easily installed on the bezel because of its unique figure. 

[0050] As shown in FIG. 4C, the wrist watch 10 according to the embodiment 
is characterized in that the internal surface (the side walls 11b1 and the bottom 
1 1 b2) of the groove 1 1 b is subjected to the light-reflection process. Therefore, 
the incident light to the groove is reflected on the internal surface toward the 

20 bulb-shaped solar battery element to be received thereby. The bulb-shaped 
solar battery element 25 can efficiently receive the light to generate electricity. 
The surface of the groove may be subjected to the light reflection process similar 
to the process for the box-like member. 

[0051] As shown in FIG. 5, the wrist watch 10 according to the embodiment 
25 is characterized in that the watch face 13 is made of a light transmittance 
material, and the supporting plate19A is provided in the casingl beneath the 
watch face 13 for supporting the bulb-shaped solar battery elements 25. The 
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bulb-shaped solar battery elements 25 are arranged between the rear surface 
14b of the watch face 13 and a top surface 19a of the supporting plate 19A. 
In this embodiment, a lot of bulb-shaped solar battery elements can be received 
in a comparatively wide space defined between the rear surface of the watch 
5 face of a transparent material and the top surface of the supporting plate 
provided beneath the watch face, and therefore sufficient electric power can be 
supplied to the wrist watch from these plural battery elements. The watch face 
is made of a semi light transmittance and light reflection material can hide the 
bulb-shaped solar battery elements mounted beneath the watch face to allow an 
10 improved design of the wrist watch. 

[0052] As shown in FIG. 5C, the wrist watch 10 according to the embodiment 
is characterized in that the surface 19a of the supporting plate 19A is subjected 
to the light reflection process. 

In this embodiment, the incident light to supporting plate is reflected on its 
15 surface toward the bulb-shaped solar battery elements to be received thereby. 
The bulb-shaped solar battery element can efficiently receive the light to 
generate electricity. 

The surface of the supporting plate may be subjected to the light reflection 
process similar to the process for the box-like member. 

20 [0053] As shown in FIG. 5D, the wrist watch 10 according to the embodiment 
is characterized in that the supporting plate 19A is made of a semi 
light-transmittance and light-reflection member, and on a rear surface of the 
supporting plate 19A may be provided an electro-luminescence element 20A, 
which is driven and emits light by a current for driving the time counting module 

25 5. 

The supporting plate may be subjected to the semi light transmittance and light 
reflection process similar to the process for the corner member. 
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A part of the light emitted by the electro-luminescence element is allowed to 
pass through the supporting plate toward the bulb-shaped solar battery element 
to be received thereby. Receiving the light from the electro-luminescence 
element, the bulb-shaped solar battery element generates the electricity more 
5 efficiently. 

FIFTH EMBODIMENT 

[0054] Now referring to FIG. 7, a fifth embodiment will be described in which 
the present invention is applied to an electronic wrist watch. 

10 FIG. 7 is an enlarged view of the fifth embodiment in which the invention is used 
in the electronic wrist watch. The electronic wrist watch has a casing 1 as 
shown in FIG. 7. The casing 1 is provided on its top side with a watch glass 2 
of a light transmittance, a bezel 3, and a decoration member 4. A time counting 
module 5 facing the watch glass 2 and a ring-shaped corner member 6 are 

15 mounted in the casing 1. The casing 1 has on its bottom side a rear cover 7 
fixed thereto via a waterproof ring 8, and further has a push button switch 9 on its 
side wall. 

[0055] The time counting module 5 has a configuration including an analog 
process function. The time counting module 5 includes an upper housing 10 

20 and a lower housing 11, both of which are fixed to each other by a base plate 12 
attached to a bottom of the lower housing 10. The time counting module 5 of 
the abovementioned structure is received within the casing 1. On the upper 
housing 10 of the time counting 5 is disposed a watch face 13, and further on the 
watch face 13 is provided the corner member 6. 

25 [0056] The upper housing 10 contains an analog movement 14. The 
analog movement 14 has an axis and pointers or hands 16 such as an hour 
hand and a minute hand. The axis 15 penetrates through a hole 13a formed in 



the watch face 13, and the hour hand and the minute hand are fixed to an end of 
the axis 13 penetrating through the watch face 13. The hour and minute hand 
go around above the watch face 13 to indicate the hour. The pointers 16 of the 
time counting module 5 together with the watch face 13 construct an indicating 
5 section of the wrist watch. 

[0057] Further, the lower housing 11 of the time counting module 5 contains 
a battery 17. A circuit board 18 is supported between the upper housing 10 and 
the lower housing 11. On the circuit board 18 are mounted various electronic 
parts 19 required for counting a time, and are provided a switching section 9c of 

10 the push button switch 9. The analog movement 14 and the battery 17 are 
electrically connected to the circuit board 18. The push button switch 9 is 
constructed such that when a button 9a is depressed, a switch axis 9b 
penetrates inside the casing 1 to push the switch section 9c. 
[0058] The watch glass 2 has a center portion which slightly goes upwardly 

15 to form a generally anastatic shape and has a peripheral portion which is bent 
vertically to the watch face 13, as seen in a cross section view of FIG. 7. The 
watch glass 2 is held with the peripheral portion supported on a solar battery 20 
mounted on an upper portion of the casing 2. When the watch glass 2 of the 
above figure receives the light, a part of the light is allowed to transmit through 

20 the watch glass 2, and other part of the light is guided in the watch glass 2 to its 
peripheral edge to be efficiently received by the solar battery 20. The bezel 3 is 
mounted on the peripheral portion and has a light reflection plane 3a facing the 
watch glass 2. Further, the watch glass 2 is secured to the casing 1by the 
bezel 3 and the decoration member 4. 

25 [0059] The solar battery 20 is of a construction including a base material 
such as an insulation film and a solar battery element of amorphous silicon 
stacked on the base material. It is preferable that the solar battery element 



stacked on the base material is divided into plural elements. More specifically, 
the base material of the solar battery 20 is made in a flat and ring configuration 
which corresponds to the peripheral edge of the watch glass 2,and plural solar 
battery elements are stacked on the base material. The solar battery 20 of the 

5 above structure is received between the casing 1 and the peripheral edge of the 
watch glass 2, or between a portion including both the casing 1 and the corner 
member 6 and the peripheral edge of the watch glass 2. The solar battery 20 is 
electrically connected to the circuit board 18 of the time counting module 5 to 
supply the electric power thereto. 

10 [0060] Since the pointers 16 (the hour hand and the minute hand) advance 
above the watch face 13 of the above electronic wrist watch, the hour can be 
read through the watch glass. When the wrist watch is exposed to the light, a 
part of the incident light to the watch glass 2 transmits through the watch glass 2 
to illuminate the pointers 16 and the watch face 13 for easy recognition of the 

15 hour and other part of the incident light is guided in the watch glass 2 to its 
peripheral edge to be received by the solar battery 20. 

[0061] The wrist watch of the present embodiment can receive the light 
through the whole surface of the watch glass 2 and a part of the received light is 
guided in the watch glass 2 to its peripheral edge to irradiate the solar battery 20, 
20 and therefore the solar battery 20 can efficiently receive the light to generate the 
power. Since the watch glass 2 is formed into the generally anastatic shape, 
the incident light to the watch glass 2 can be taken in the watch glass to be 
guided to the peripheral edge in an efficient fashion. 

[0062] Since the bezel 3 mounted on the peripheral portion of the watch 
25 glass 2 has the light reflective inner surface 3a, the light is prevented from 
escaping and guided to the peripheral edge along the watch glass 2 bent 
substantially at a right angle, efficiently reaching to the solar battery 20. Further, 



since the solar battery 20 can be mounted with the solar battery elements 
closely contacted with the peripheral edge of the watch glass 2, the solar battery 
20 can receive all the light guided to the peripheral edge of the watch glass 2, 
generating the power efficiently. 
5 [0063] In the electronic wrist watch, since the solar battery 20 is mounted 
facing the peripheral edge of the watch glass 2, the watch face 13 and the 
pointers 16 arranged within the casing 1 are not restricted in their installation by 
the solar battery 20, or a wide space may be assured for the watch face 13 and 
the pointers 16 within the casing 1. Further, since the watch glass 2 has the 
10 peripheral edge bent vertically to the watch face 13, and the solar battery 20 is 
mounted directly under the peripheral edge of the watch glass 2, the casing 1 
can be made comparatively small in size and a compact size wrist watch may be 
available. 

15 SIXTH EMBODIMENT 

[0064] A sixth embodiment in which the present invention is applied to an 
electronic wrist watch will be set forth with reference to FIG. 8. In the following 
detailed description, like reference numerals will be used to refer to like or 
corresponding elements in the fifth embodiment shown in FIG. 7. The 

20 electronic wrist watch 24 has a construction substantially similar to the fifth 
embodiment except a construction of a solar battery 24 used therein and the 
structure for mounting the battery on the watch. 

[0065] As shown in FIG. 8, the solar battery 24 has a bulb-shaped solar 
battery element 25. Plural bulb-shaped solar battery elements 25 are arranged 
25 under and along the peripheral edge of the watch glass 2. The bulb-shaped 
solar battery element 25 comprises a p-type polycrystalline or amorphous silicon 
block with an n-type silicon layer formed on its surface except a portion. Both 



22 



an exposed portion of the p-type silicon block and the n-type silicon layer are 
connected to a base board 27 via connecting members 26. The bulb-shaped 
solar battery elements 25 of the above structure are covered with a transparent 
covering member 28. 

5 [0066] The peripheral edge of the watch glass 2 is formed with a groove 29. 
The solar battery 24 including the bulb-shaped solar battery elements 25 is 
mounted on the top plane of the casing 1 , and is covered with the watch glass 2. 
With the above construction, the plural bulb-shaped solar battery elements of the 
solar battery 24 are retained in the groove 29 formed along the peripheral edge 
10 of the watch glass 2. The solar battery 24 is also connected to the circuit board 
18 of the time counting module 5. The electronic wrist watch with no corner 
member 6 on the watch face 13 allows the solar battery 25 to receive the light 
reflected on the watch face 13. 

[0067] Similarly to the fifth embodiment, when the electronic wrist watch of 
15 the sixth embodiment is exposed to the light, a part of the incident light to the 
watch glass 2 transmits through the watch glass 2 to illuminate the pointers 16 
(the hour hand and the minute hand) and the watch face 13, allowing easy 
recognition of the hour, and other part of the incident light is guided in the watch 
glass 2 to its peripheral edge to be emitted to the solar battery 24. 
20 [0068] Further, in the similar manner to the fifth embodiment, the electronic 
wrist watch of the sixth embodiment can receive the light through the whole 
surface of the watch glass 2 and a part of the received light is guided in the 
watch glass 2 to its peripheral edge to irradiate the solar battery 24, and 
therefore the solar battery 24 can efficiently receive the light to generate the 
25 power. The light transmitted through the watch glass 2 reflects on the watch 
face 13 toward the solar battery 24, allowing the same to generate the electric 
power in a more efficient fashion. 



[0069] Since the solar battery element of the solar battery 24 is of a bulb 
shape, a wider surface which is effective for generating the electric power may 
be used. Further, since the plural solar battery elements 25 are arranged along 
the peripheral edge of the watch glass 2, the solar battery 24 may efficiently 
5 generate the electric power. Since the plural solar battery elements 25, which 
are arranged in a groove 29 formed along the peripheral edge of the watch glass 
2, may equally receive the light guided in the watch glass 2, the solar battery 24 
may efficiently generate the electric power. 

[0070] In the electronic wrist watch according to the sixth embodiment, since 
10 the solar battery 24 is arranged in the groove 29 formed along the peripheral 
edge of the watch glass 2, the watch face 13 and the pointers 16 held within the 
casing 1 are not restricted in their installation by the solar battery 24, or a wide 
space may be assured for the watch face 13 and the pointers 16 within the 
casing 1 . Further, since the solar battery 24 is held within the groove 29 formed 
15 in the peripheral edge of the watch glass 2, the casing 1 can be made 
comparatively thin, and therefore a thin and compact size wrist watch may be 
available. 

SEVENTH EMBODIMENT 

20 [0071] A seventh embodiment in which the present invention is applied to an 
electronic wrist watch will be set forth with reference to FIG. 9. In the following 
detailed description, like reference numerals will be used to refer to like or 
corresponding elements in the fifth embodiment shown in FIG. 7. The 
electronic wrist watch is of a construction substantially similar to the fifth 

25 embodiment except a construction of a solar battery 30 used therein and the 
structure for mounting the battery on the watch. As shown in FIG. 9, the solar 
battery 30 is comprised of a cylindrical base member, such as an insulating film, 



having substantially the same diameter as the watch glass 2 and a solar battery 
element made of amorphous silicon formed on both sides of the cylindrical base 
member. It is preferable that the solar battery element is divided into plural 
elements mounted on the cylindrical base member. 
5 [0072] The solar battery 30 is mounted on a base plate 31 in the form of a 
ring with the cylindrical base member fixed onto the base plate 31 and is 
electrically connected to the base plate 31 . The solar battery 30 is received in a 
groove 32 formed along the peripheral edge of the watch glass 2 and the base 
plate 31 with the solar battery 30 attached is disposed between the peripheral 

10 edge of the watch glass 2 and the top surface of the casing 1 . The solar battery 
30 is also connected to the circuit board 18 of the time counting module 5. The 
electronic wrist watch with no corner member 6 on the watch face 13 allows the 
solar battery 25 to received the light reflected on the watch face 13. 
[0073] Similarly to the fifth embodiment, when the electronic wrist watch of 

15 the seventh embodiment is exposed to the light, a part of the incident light to the 
watch glass 2 transmits through the watch glass 2 to illuminate the pointers 16 
(the hour hand and the minute hand) and the watch face 13, allowing easy 
recognition of the hour, and other part of the incident light is guided in the watch 
glass 2 to its peripheral edge of to be received by the solar battery 24. 

20 [0074] Further, similarly to the fifth embodiment, the electronic wrist watch of 
the seventh embodiment can receive the light through the whole surface of 
watch glass 2 and a part of the received light is guided in the watch glass 2 to its 
peripheral edge to irradiate the solar battery 30, and therefore the solar battery 
30 can efficiently receive the light to generate the power. The light transmitted 

25 through the watch glass 2 reflects on the watch face 13 toward the solar battery 
30, allowing the same to generate the electric power in a more efficient fashion. 
Since the solar battery 30 has the cylindrical base member having substantially 
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the same diameter as the watch glass 2 and the plural solar battery elements 
formed on both sides of the cylindrical base member, a wider effective surface is 
available for receiving the light than the solar battery 20 of the fifth embodiment. 
[0075] Since the plural solar battery elements of the solar battery 30, which 

5 are arranged in the groove 32 formed in the peripheral edge of the watch glass 2, 
may equally receive the light guided in the watch glass 2, the solar battery 30 
may efficiently generate the electric power. In the electronic wrist watch 
according to the seventh embodiment, since the solar battery 30 is received in 
the groove 32 formed in the peripheral edge of the watch glass 2, the watch face 

10 13 and the pointers 16 held within the casing 1 are not restricted in their 
installation by the solar battery 30, or a wide space may be assured for the 
watch face 13 and the pointers 16 within the casing 1. Further, since the solar 
battery 30 is held within the groove 32 formed in the peripheral edge of the 
watch glass 2, the casing 1 can be made comparatively thin, and therefore a thin 

15 and compact size wrist watch may be available. 

[0076] In the fifth through seventh embodiments, the analog wrist watches 
with the time counting module 5 including the analog movement 14 have been 
described, but a flat-type display element such as a liquid crystal display element 
and an electro-luminescence element (EL element) may be used in place of the 

20 analog movement 14 for the digital wrist watch. In this type of the digital wrist 
watch, a time counting module including the flat-type display element is 
disposed within the casing 1 so as to face the watch glace 2. The flat-type 
display element indicates data such as the hour in an electro-optical manner, 
and the data can be seen through the watch glass 2. The wrist watch with the 

25 flat-type display element will provide advantages similar to those brought by the 
fifth through seventh embodiments. 



EIGHTH EMBODIMENT 

[0077] A eighth embodiment in which the present invention is applied to an 
electronic wrist watch will be set forth with reference to FIG. 1 0. In the following 
detailed description, like reference numerals will be used to refer to like or 

5 corresponding elements in the fifth embodiment shown in FIG. 7. The 
electronic wrist watch is of a construction substantially similar to the fifth 
embodiment except a watch face 35 made having a light guiding nature and a 
solar battery 36 arrange around a peripheral edge of the watch face 35. 
[0078] The watch face 35 is made of a transparent glass plate or a 

10 transparent synthetic resign plate. The watch face 35 has a reflection layer 35a 
on its bottom surface. When the wrist watch is exposed to the light, the incident 
light from the top surface of the watch face 35 reflects on the reflection layer 35a 
and a part of the reflected light is guided toward a peripheral edge of the watch 
face to be radiated therefrom. The watch face 35 is formed with a through hole 

15 35 at its central portion, through which a pointer shaft 15 penetrates. 

[0079] Similarly to the solar battery 24 in the sixth embodiment, the solar 
battery 36 includes plural bulb-shaped solar battery elements 37, which are 
arranged along the peripheral edge of the watch face 35. The bulb-shaped 
solar battery elements 37 are covered with a transparent covering member 39. 

20 Each bulb-shaped solar battery element 37 has a silicon block covered with a 
silicon layer, the silicon block and the silicon layer being connected with 
connecting members 38 respectively. The solar battery 36 is disposed on the 
time counting module 5 within an upper housing 10, with its plural bulb-shaped 
solar battery elements 35 arranged along the peripheral edge of the watch face 

25 35. The solar battery 36 is electrically connected to circuit board 18 of the time 
counting module 5. 

[0080] The solar battery 36 is provided with a cylindrical reflection member 



40 so as to surround the plural bulb-shaped solar battery elements 37. The 
cylindrical reflection member 40 serves to reflect again toward the solar battery 
elements 37 the light passing through between the solar battery elements 37. 
The solar battery 36 is hidden by the corner member 6 mounted on the 
5 peripheral portion of the watch face 35. A watch glass 41 is mounted on the top 
of the casing 1 and is attached with a bezel 42 for decoration on its peripheral 
portion. The external light is received through the watch glass 41 by the solar 
battery 36 held within the casing 1. 

[0081] In the wrist watch according to the eighth embodiment, the external 

10 light is received through the watch glass 41 to illuminate the pointers 16 and the 
watch face 35 for easy recognition of the hour. The light illuminating the watch 
face 35 is reflected on the reflection layer 35a of the watch face 35, and a part of 
the reflected light illuminates the pointers and the watch face 35 again and other 
part of the reflected light is guided in the watch face toward the peripheral edge 

15 to irradiate the solar battery 36. 

[0082] The electronic wrist watch of the eighth embodiment can receive the 
light through the whole surface of the watch face 35 and a part of the received 
light is guided in the watch face 35 to its peripheral edge to irradiate the solar 
battery 36, and therefore the solar battery 36 can efficiently receive the light to 

20 generate the power. Since the solar battery element 37 of the solar battery 36 
is of a bulb shape, a wider surface which is effective for generating the electric 
power may be used. Further, since the plural solar battery elements 37 are 
arranged along the peripheral edge of the watch face 35, the solar battery 36 
may efficiently generate the electric power. 

25 [0083] The solar battery 36 is provided with the cylindrical reflection member 
40 surrounding the plural bulb-shaped solar battery elements 37, and the 
cylindrical reflection member 40 serves to reflect again toward the solar battery 
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elements 37 the light passing through between the solar battery elements 37. 
The light irradiated from the peripheral edge of the watch face 35 equally 
illuminates all the solar battery elements, and therefore the solar battery 36 can 
efficiently receive the light to generate the electric power. Further, since the 
5 solar battery elements of the solar battery 36 is arranged along the peripheral 
edge of the watch face 35, the solar battery does not restrict a space for the 
watch face 35 and the pointers 16. As a result, a wider space can be used for 
the watch face 35 and the pointers 16 and a thin and compact size wrist watch 
may be available. 

10 

NINTH EMBODIMENT 

[0084]] A ninth embodiment in which the present invention is applied to an 
electronic wrist watch will be set forth with reference to FIG. 11. In the following 
detailed description, like reference numerals will be used to refer to like or 
15 corresponding elements in the eighth embodiment shown in FIG. 10. The 
electronic wrist watch is of a construction substantially similar to the eighth 
embodiment except a construction of a solar battery 45 and a structure for 
mounting the battery on the watch. 

[0085] As shown in FIG. 1 1 , the solar battery 45 comprises a cylindrical base 
20 member, such as an insulating film, having a diameter a little larger than the 
watch face 35 and a solar battery element made of amorphous silicon formed on 
an inner surface of the cylindrical base member. It is preferable that the solar 
battery element is divided into plural elements mounted on the inner surface of 
the cylindrical base member. The solar battery 45 is arranged within the upper 
25 housing 10 with the base member mounted on the time counting module 5, and 
with the plural solar battery elements facing the peripheral edge of the watch 
face or digital face 35. The solar battery 45 is hidden by the corner member 6 
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mounted on the peripheral portion of the watch face 35. 

[0086] In the wrist watch according to the ninth embodiment, the external 
light is received through the watch glass 41 to illuminate the pointers 16 and the 
watch face 35 for easy recognition of the hour. The light illuminating the watch 
5 face 35 is reflected on the reflection layer 35a of the watch face 35, and a part of 
the reflected light illuminates the pointers and the watch face 35 again and other 
part of the reflected light is guided in the watch face toward the peripheral edge 
to irradiate the solar battery 45. 

[0087] The electronic wrist watch according to the ninth embodiment can 
10 receive the light through the whole surface of the watch face 35 and a part of the 
received light is guided in the watch face 35 toward its peripheral edge to 
irradiate the solar battery 45, and therefore the solar battery 45 can efficiently 
receive the light to generate the power. The solar battery 45 is of a 
substantially cylindrical structure, and when it is mounted on the upper housing 
15 10, the plural solar battery elements 37 can be arranged close to the peripheral 
edge of the watch face 35. This arrangement allows the solar battery 45 to 
receive the light irradiated from the peripheral edge of the watch face 35 without 
wasting the light. 

[0088] Further, since the solar battery elements of the solar battery 45 is 
20 arranged along the peripheral edge of the watch face 35, the solar battery 45 
does not restrict a space for the watch face 35 and the pointers 16. As a result, 
a wider space can be used for the watch face 35 and the pointers 16 and a thin 
and compact size wrist watch may be available. 

[0089] In the eighth and ninth embodiments, the analog wrist watches with 
25 the time counting module 5 including the analog movement 14 have been 
described, but a flat-type display element such as a liquid crystal display element 
and an electro-luminescence element (EL element) may be used in place of the 
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analog movement 14 for the digital wrist watch. In this type of the digital wrist 
watch, a time counting module including the flat-type display element is 
disposed within the casing 1 so as to face the watch glace 2. The flat-type 
display element indicates data such as the hour in an electro-optical manner, 
5 and the data can be seen through the watch glass 2. Further, it is 
recommended to attach to the flat-type display element a light guiding member 
which guides the light to the solar battery for generating the electric power more 
efficiently. The wrist watch with the solar battery arranged facing the peripheral 
edge of the light guiding member will provide advantages similar to those 

10 brought by the fifth and eighth embodiments. 

[0090] In the above fifth through ninth embodiments and their modifications, 
the wrist watches to which the present invention is applied have been described, 
but it should be noted that the present invention will be used in a wide variety of 
fields, for instance, including time pieces such as a traveler's watch and a clock, 

15 an electronic calculator, an electronic notebook, an electronic dictionary, a 
cellular phone, and various meters for an automobile. 

[0091] As shown in FIG. 7 through FIG. 9, the wrist watches according to the 
embodiments each comprise the casing 1 containing the display section 
including the watch face 13 and the pointers 16, the watch glass 2 or a 

20 protection glass of a light transmittance nature, and the solar battery 20, 24, 30, 
arranged facing the peripheral edge of the protection glass. The protection 
glass is mounted on the casing 1 so as to face the display section. 
When the wrist watch is exposed to the light, the light transmits through the 
protection glass, illuminating the display section in the casing 1, for easy visual 

25 recognition. A part of the incident light is guided in the protection glass toward 
the peripheral edge to be irradiated to the solar battery, that is, the light can be 
efficiently received by the battery for generating the electric power. Since the 
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battery is arranged along the peripheral edge of the protection glass, this 
arrangement of the battery does not give any restriction to the display section. 
[0092] In the embodiments shown in FIG. 7 through FIG. 9, the protection 
glass or the watch glass 2 of the wrist watch has the peripheral portion that is 
5 bent vertically to the watch face or digital face 35, and the solar battery 20, 24, 
30 is disposed closed to the peripheral edge of the watch glass 2. 
According to the invention, the protection glass has the peripheral portion bent 
vertically to the watch face, and therefore the solar battery can be disposed 
facing the peripheral edge of the protection glass so that a casing or an 

10 apparatus of a compact size is available. 

[0093] In the embodiments shown in FIG. 7 through FIG. 9, the protection 
glass or the watch glass 2 of the wrist watch has the bezel 3 secured on its bent 
portion, and the bezel 3 has a reflection plate 3a on its inner surface. 
The light guided in the protection glass toward the peripheral edge is prevented 

15 from escaping from the vertically bent portion of the protection glass, and 
therefore the light is effectively guided in the protection glass. 
[0094] As shown in FIG. 7, the solar battery 20 used in the embodiment 
comprises plural solar battery elements arranged on top of the base member in 
the form of a ring. In the embodiment, the solar battery is disposed in the 

20 casing with the plural solar battery elements on the base member arranged 
closely on the peripheral edge of the protection glass, and therefore the light 
guided in the watch glass toward the peripheral edge may be irradiated directly 
to the solar battery, allowing the solar battery to generate the electric power 
more efficiently. 

25 [0095] As shown in FIG. 8, the solar battery 24 used in the embodiment 
comprises the plural bulb-shaped solar battery elements 25 arranged on the 
peripheral edge of the watch glass 2 or the protection glass. The bulb-shaped 
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solar battery element is of a bulb shape so that it can use a wider surface for 
receiving the light. The plural bulb-shaped battery elements of the solar battery 
are arranged closely on the peripheral edge of the protection glass, allowing the 
solar battery to more efficiently generate the electric power. Further, as shown 
5 in FIG. 8, the solar battery is received in the groove 29 formed along the 
peripheral edge of the protection glass, and therefore the light guided in the 
protection glass irradiates the whole periphery surface of the bulb-shaped solar 
battery element, allowing the solar battery to generate the electric power 
efficiently. 

10 [0096] As shown in FIG. 9, the solar battery 30 used in the embodiment 
comprises a cylindrical base member and a solar battery element(s) attached on 
one of the surfaces of the cylindrical base member. The solar battery of this 
structure is received in the groove 32 formed along the peripheral edge of the 
protection glass. 

15 Since the solar battery element(s) is received in the groove 32 formed along the 
peripheral edge of the protection glass, the light guided in the protection glass 
equally illuminates the solar battery element(s). If the solar battery elements 
are attached on both surfaces of the cylindrical base member, the wider surface 
will be used for receiving the light and the direct incident light as well as the light 

20 guided along the protection glass can be received. The solar battery with the 
battery elements attached on the both surfaces of the base member can receive 
the light and generate the electric power efficiently. 

[0097] As shown in FIG. 10 and FIG. 11, the wrist watches according to the 
embodiments each comprise the casing 1 with a window or the watch glass 41 , a 
25 display member or the watch face 35 of a light transmittance nature, and the 
solar battery 36, 45, arranged facing the peripheral edge of the window. The 
display member is mounted on the casing 1 so as to face the window. 
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When the wrist watch is exposed to the light, the light transmits through the 
display member, illuminating the display member in the casing 1, for easy visual 
recognition. 

A part of the incident light is guided in the display member toward the peripheral 
5 edge to be irradiated to the solar battery, that is, the light can be efficiently 
received by the battery for generating the electric power. Since the battery is 
arranged along the peripheral edge of the display member, this arrangement of 
the battery does not give any restriction to the display member. 
[0098] As shown in FIG. 10, the solar battery 36 used in the embodiment 

10 comprises the plural bulb-shaped solar battery elements 37 arranged on the 
peripheral edge of the watch face 35 or a display member. 
The bulb-shaped solar battery element is of a bulb shape so that it can use a 
wider surface for receiving the light. The plural bulb-shaped battery elements 
of the solar battery are arranged closely on the peripheral edge of the display 

15 member, allowing the solar battery to generate the electric power more efficiently. 
Further, as shown in FIG. 10, the solar battery is provided with the cylindrical 
reflection member so as to surround the plural bulb-shaped solar battery 
elements. This cylindrical reflection member serves to reflect toward the solar 
battery elements the light passing through between the solar battery elements to 

20 equally irradiate the whole periphery surface of the bulb-shaped solar battery 
elements, allowing the solar battery to generate the electric power efficiently. 
[0099] In the embodiment shown in FIG. 11, the solar battery 45 is 
comprised of the cylindrical base member and solar battery elements attached 
on the inner surface of the cylindrical base member. The solar battery is 

25 mounted in the casing with the plural solar battery elements facing the peripheral 
edge of the display member or the watch face. 

The solar battery is of a substantially cylindrical structure with plural solar battery 
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elements attached on its inner surface, and the plural solar battery elements can 
be disposed close to the peripheral edge of the display member. This 
arrangement allows the solar battery to receive the light irradiated from the 
peripheral edge of the display member without wasting the light. Further 
modification and variation can be made to the disclosed embodiments without 
departing from the subject and spirit of the invention as defined in the following 
claims. Such modification and variations, as included within the scope of these 
claims, are meant to be considered part of the invention as described. 



